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Abstract  
 
Riparian corridor protection through zoning ordinances is a common best management 
practice to protect riparian ecosystems and function. These zoning ordinances protect riparian 
ecosystems by establishing setback distances where land use activities are prohibited. While 
management of protected riparian corridors are widely studied, recommendations for riparian 
corridor width vary and are often site specific. The variability of corridor widths presents a 
challenge to riparian corridor implementation, in addition to balancing economic needs with 
natural resource protection. This study evaluates the effects of land use on riparian corridors and 
compares the Riparian Corridor Combining Zone ordinance in Sonoma County to other 
government agencies and scientific literature recommendations for riparian corridor 
management, specifically width recommendations. In Sonoma County, the dominant land use 
categories throughout the county are agricultural cultivation and urban development. 
Agricultural cultivation and urban development alter stream channels, increase erosion, impair 
water quality, modify riparian vegetation, and threaten aquatic and terrestrial wildlife. To protect 
riparian areas and adjacent habitat form land use activities, Sonoma County adopted the Riparian 
Corridor Combining Zone ordinance. The Riparian Corridor Combining Zone ordinance 
implemented riparian corridor widths within the range recommended by other government 
agencies and scientific literature for optimal riparian function. However, the ordinance allows 
exceptions for agricultural cultivation, which may influence the effectiveness of riparian corridor 
functions. Recommendations for riparian management in Sonoma County include an assessment 
on the current condition of riparian ecosystems, a new policy based on science that provides 
consistent riparian protection for all development types, increasing public education on the 
benefits of riparian ecosystems, and encouraging riparian restoration through incentive programs 
and new development projects.  
 
 1 
1. Introduction  
Riparian ecosystems are considered some of the world’s most diverse landscapes 
(Naiman and Decamps 1997). Ecologically, riparian ecosystems are corridors characterized by 
the presence of productive soils, hydrophytic vegetation, and a water table within reach of plant 
roots (Griggs 2009, Wissmar and Beschta 1998). Riparian ecosystems are transitional zones 
between upland and water bodies, encompassing a mosaic of complex diverse landforms, 
wildlife communities, and vegetation (Gregory et al. 1991). As ecotones between terrestrial and 
aquatic ecosystems, riparian ecosystems play an important role in the chemical, biological, and 
physical processes of both aquatic and terrestrial systems (Kauffman et al. 1997).  
Riparian ecosystems provide streamside vegetation and large woody debris that aid in 
bank stabilization, creating habitat for terrestrial and aquatic wildlife, and sequestering carbon 
(Sutfin et al. 2016, Sweeney and Newbold 2014). Streamside vegetation provides bank 
stabilization by slowing the process of erosion and directing flows away from structures as a 
means of flood control (Griggs 2009). Riparian trees and shrubs that eventually end up in the 
stream channel due to erosion become important structural habitat and nutrient sources for 
aquatic wildlife (Griggs 2009, Sweeney and Newbold 2014). Instream woody debris structures 
affect the hydraulics of stream flow, dissipating the energy of water by forming dams and pools, 
which helps to keep sediment and gravel from moving downstream (Sweeney and Newbold 
2014). Adequate flows, complex instream and riparian habitat, nutrient sources, and clean 
spawning gravels are essential requirements for the survival of salmon and steelhead fish 
populations (California Department of Fish and Wildlife 2002). In addition to the creation of 
instream habitat, riparian ecosystems sequester carbon in streamside vegetation, large instream 
woody debris, and dead organic plant matter (Sutfin et al. 2016). Through carbon sequestration, 
riparian ecosystems improve air and water quality which is essential for aquatic, terrestrial, and 
human populations (Griggs 2009). 
Beyond the critical role of riparian ecosystems for the function of natural systems, 
riparian ecosystems are key sources of ecosystem services. Ecosystem services are human 
benefits provided by natural landscapes (Byrd et al. 2015). Ecosystem services provided by 
riparian areas include improved drinking water quality, increased groundwater recharge, and 
recreational opportunities (Polyakov et al. 2005). Facilitating good water quality, riparian 
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ecosystems are responsible for filtering nutrients, pesticides, and sediment from infiltrating 
adjacent water bodies (Lowrance et al. 1984, Polyakov et al. 2005). Riparian vegetation also 
aerates the soil, allowing water to slowly percolate underground to recharge groundwater supply 
needed for urban and agricultural users (Griggs 2009). Finally, recreational use of riparian 
ecosystems includes fishing, hunting, boating, hiking and wildlife viewing (Griggs 2009). 
However, the functions of riparian ecosystems and the essential services provided to aquatic, 
terrestrial, and human life are jeopardized by various natural and human-caused threats, which 
diminish the ecological and societal value of riparian ecosystems (Bernhardt and Palmer 2007).  
 Threats to riparian ecosystems include climate change, water diversion, groundwater 
depletion, flow regulation, land development, urbanization and degradation in water quality 
(Capon et al. 2013, Giller 2005, Poff 2012, Schultz et al. 2004). Climate change will alter 
riparian habitat structure and vegetation composition, which will threaten the functions that 
animal and human populations rely on for survival (Capon et al. 2013). Additionally, riparian 
ecosystems are threatened by anthropogenic stressors which intensify the effects of climate 
change. Anthropogenic stressors, which arise from human activities, include overexploitation of 
the natural resources provided by riparian functions, pollution that degrades riparian habitat, and 
land development that threatens the available space of riparian ecosystems (Giller 2005). The 
combination of anthropogenic climate change and disturbances puts the remaining intact riparian 
ecosystems at risk to further degradation. Therefore, it is critical that management and 
regulations designed to conserve riparian ecosystems use the best available science known to 
protect riparian habitat and functionality.   
 Concerns over anthropogenic impacts on riparian ecosystems have resulted in the 
implementation of riparian conservation initiatives and regulations designed to legally protect 
riparian ecosystems (Bernhardt and Palmer 2007). Typically, riparian conservation initiatives 
and regulations recommend the installation of a riparian corridor, which designates a distance 
adjacent to a stream where land use activities are restricted in order to protect stream and riparian 
ecosystems (Naiman and Decamps 1997). Riparian corridors and riparian buffers are terms often 
confused throughout management literature (Fischer et al. 2000). Riparian corridors are 
associated with wildlife habitat and movement corridors that mitigate fragmentation between 
habitat patches (Fischer et al. 2000). Riparian buffers are associated with water quality 
protection, wildlife habitat, and movement corridors (Fischer et al. 2000). Despite the different 
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associations, both riparian corridors and riparian buffers are used for riparian ecosystem function 
and management (Fischer et al. 2000). The zoning code for Sonoma County, the region of focus 
of this study, refers to the term riparian corridor for riparian management. Therefore, for this 
study the term riparian corridor will be used to describe riparian ecosystem management and the 
protection of various riparian functions.   
In Sonoma County, the Riparian Corridor Combining Zone was enacted to provide 
protection over local riparian habitat, while also accommodating the needs of the local economy 
(Sonoma County Permit and Resource Management Department 2016). This zoning code applies 
to designated streams within the unincorporated sections of Sonoma County (Sonoma County 
Code, 2014). The Riparian Corridor Combining Zone is significant in riparian management 
because it defined specific setback distances based on stream and land use type within Sonoma 
County (Sonoma County Code, 2014). However, the zoning code allows some exceptions for 
land use activities such as agriculture, which may minimize the effectiveness of the code’s 
protection of riparian ecosystems. This is a common obstacle for riparian management, the 
balance between natural resource protection and economic (Klapproth and Johnson 2001, Young 
2000). Increased awareness of riparian ecosystem threats and functions may result in greater 
support for riparian corridors due to the various services they provide (Lovell and Sullivan 
2006).  
 This study evaluates the effectiveness of the Riparian Corridor Combining Zone 
ordinance to protect and enhance the functionality of riparian ecosystems the unincorporated 
areas of Sonoma County, California. Specifically, this study identifies the dominant land use 
categories within Sonoma County and the effects these land uses have on riparian ecosystems. In 
addition, comparisons were made between Sonoma County riparian management regulations and 
peer-reviewed literature recommendations for riparian ecosystem management. Finally, I provide 
recommendations for local management and protection agencies on riparian area management.   
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2. Background 
2.1      Riparian Ecosystems   
Riparian ecosystems are corridors characterized by the presence of productive soils, 
hydrophytic vegetation, a water table within reach of plant roots, and wildlife species adapted to 
flooding, droughts, sediment transport, and channel movement (Griggs 2009, Wissmar and 
Beschta 1998). The structure and value of riparian ecosystems is dependent on the interactions 
between geomorphology, hydrology, climate type, and biota (Griggs 2009, Kauffman et al. 1997, 
Figure 1). Geomorphology features of riparian ecosystems include streambank and floodplain 
structure, channel gradient, soil composition, sediment, and geology characteristics of the site 
(Kauffman et al. 1997). Hydrology features include surface and subsurface hydrology, water 
quality, sediment flow and transport, stream flow, and frequency of flooding and droughts 
(Kauffman et al. 1997, Naiman and Decamps 1997). Climate type, such as the Mediterranean 
climate of Sonoma County, influences the hydrological cycle of an area, which is a major factor 
in annual rainfall, droughts, and streamflow (Griggs 2009, Terrado et al. 2014). Annual rainfall, 
droughts, and streamflow affect the flow pattern of streams and the biota adapted to such 
climatic conditions (Griggs 2009). Finally, biotic features include the vegetation, invertebrates, 
vertebrates, and microorganisms that inhabit riparian ecosystems (Kauffman et al. 1997). The 
interactions between geomorphology, hydrology, climate type, and biota are important to 
riparian functions, but the strength of these interactions vary due to spatial extent and 
disturbances, both natural and human caused (Naiman and Decamps 1997).  
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Figure 1: Interactions between biotic and abiotic factors shape riparian ecosystems (Kauffman et al. 1997) 
 
Typically, riparian ecosystems in human modified landscapes are characterized by three 
distinct zones (Schultz et al. 2004, Figure 2). The first zone, the undisturbed forest, is directly 
adjected to the stream bank and consists of vegetation that is left unmanaged (Lowrance et al. 
1984, Schultz et al. 2004). The undisturbed forest is responsible for supplying large woody 
debris from fallen trees into adjacent streams and rivers, providing bank stabilization, dissipating 
stream flow power, promoting deposition of sediment, and forming habitat for instream wildlife 
(Dosskey et al. 2010, Naiman and Decamps 1997). The second zone, the managed forest, is 
predominately composed of riparian trees and shrubs that act as a nutrient sink for non-point 
source (NPS) pollution from upland areas (Mayer et al. 2005, Schultz et al. 2004). The third 
zone, the runoff control, consists of herbaceous vegetation that act as a filter to intercept, slow, 
and spread out any concentrated substances from upland surface runoff (Lowrance et al. 1997, 
Schultz et al. 2004). The inputs to streams from these riparian zones are beneficial for stream 
ecosystems because of their significance to fish habitats and influence on the physical, chemical, 
and biotic ecosystems that exist within the local landscape (Poff 2012).  
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Figure 2: Riparian buffers in a modified landscape are characterized by three zones (Schultz et al. 2004)  
 
2.2 Importance of Riparian Ecosystems 
Riparian ecosystems, occurring within natural and developed areas, support a landscape 
of biodiversity and offer a wide range of ecosystem services (Byrd et al. 2015, Jones et al. 2010). 
Despite occupying a small fraction of the total landscape, riparian ecosystems are thought to 
provide a disproportionate quantity of ecosystem services (Dosskey et al. 2010, Ou et al. 2016, 
Theobold et al. 2010). Ecosystem services provided by riparian areas are essential for a well-
functioning watershed, healthy human population, and aquatic and terrestrial communities 
(Gregory et al. 1991, Kauffman et al. 1997). These ecosystem services include: 
1. Removing pollutants from entering stream and jeopardizing local water quality, 
2. Groundwater recharge for urban and agriculture use, 
3. Sequestering carbon,  
4. Providing canopy cover, facilitating lower stream temperatures essential for aquatic 
ecosystems, 
5. Bank stabilization and erosion control to adjacent streams, 
6. Contributing organic matter into streams and floodplains, 
7. Serving as ecologic corridors for species migration, 
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8. Providing large woody debris for aquatic organism habitat, and  
9. Recreation for local residents. 
(Naiman and Decamps 1997, Osborne and Kovacic 1993, Polyakov et al. 2005, Schultz 
et al. 2004, Sweeney and Newbold 2014, Figure 3) 
 
 
 
Figure 3: Riparian zone ecosystem services (Dosskey et al., 2010) 
 
While riparian ecosystems offer a wide range of ecosystem services, their ability to 
perform such functions is impacted by anthropogenic influences (United States Environmental 
Protection Agency 2005). Anthropogenic influence contributes to multiple stressors on riparian 
ecosystems and adjacent stream systems, threatening the world’s most valuable natural capital 
resource (Feld et al. 2018, Welsch 1991). Loss of riparian habitat due to anthropogenic activities 
include alteration to natural landscapes in the form of agriculture, timber harvest, dam 
construction, mining, industrialization, recreation, roads, excessive water withdrawal and urban 
expansion (Feld et al. 2018, Poff 2012, Welsch 1991). In addition to human disturbance, climate 
change is thought to contribute to the increased severity of insect and disease attacks, drought, 
fire, and floods threaten riparian functions (Palmer et al. 2008, Poff 2012). In total, the 
accumulation and intensity of anthropogenic disturbance and climate change threaten riparian 
ecosystems and the functions associated with these ecosystems (Best 2019). Therefore, 
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identifying regulations that can effectively protect these riparian systems and the services they 
provide is critical. 
 
3. Status and Regulations 
 
3.1 Current Status  
Currently, riparian ecosystems in the western United States occupy about 2% of the total 
landscape (Poff 2012). Conversion of riparian areas into intensive agricultural development and 
urbanization over the last 150 years has led to deforestation of existing riparian zones, altering an 
estimated 70-90% of natural riparian areas in the United States (Jones et al. 2010, Kauffman et 
al. 1997). Such deforestation will only continue as long as humans value the economic gain of 
developed lands over the ecosystem services of riparian zones (Sweeney et al. 2004). 
Recognizing riparian ecosystem loss, public and private agencies have developed riparian 
management programs, regulations, and recommendations to ensure continued protection over 
the remaining areas of riparian ecosystems.  
 
3.2 Regulations and Recovery of Riparian Ecosystems 
In the late 1960s to early 1970s, an environmental movement sparked environmental 
legislation, such as the National Environmental Policy Act (United States, 1969), Clean Water 
Act (United States, 1972), and Endangered Species Act (United States, 1973) (Goodwin et al. 
1997). These legislations were enacted to halt or reduce activities that were aiding in the 
deterioration of ecosystems and wildlife populations across the country (Goodwin et al. 1997). 
This was monumental for environmental resource protection and set the tone for states to 
develop their own management plans. By 1996, 46 states developed riparian forest management 
best management practices (BMP) to reduce NPS pollution and protect the function and values 
of water bodies and associated riparian zones (Blinn, C. R. and Kilgore 2001)(Blinn, Charles R. 
and Kilgore 2004). California, and other states within the Pacific Northwest, developed Forest 
Practice Rules documenting best management practices concerning timber harvest management 
and the protection of riparian habitats and salmonid populations (Swales 2010). Additionally, the 
Porter-Cologne Water Quality Control Act (California, 1969), the California Environmental 
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Quality Act (California, 1970), and the Lake and Streambed Alteration Program (California 
Department of Fish and Wildlife 2020) were designed to protect environmental resources 
including riparian and stream habitat from further degradation in California (Griggs 2009, North 
Coast Regional Water Quality Control Board 2011).  
Beyond protective legislation, there are numerous grant programs that incentivize 
riparian restoration projects within California. These programs include the Conservation Reserve 
Program, Environmental Quality Incentives Program, Wildlife Habitat Incentive Program, 
Wetlands Reserve Program, Stewardship Incentive Program, California Fisheries Restoration 
Grant Program, and the California Wetlands Reserve Program (Christian‐Smith and Merenlender 
2010, Griggs 2009, Machtinger 2007). These funded programs provide incentives to private 
landowners to participate in projects that will help maintain the integrity and function of riparian 
habitats (Christian-Smith and Merenlender 2010). In Sonoma County, the Sonoma County 
Agricultural Preservation and Open Space District works with landowners to conserve natural 
landscapes through conservation easements (Sonoma County Agricultural Preservation and Open 
Space District 2018). These conservation easements are used for agricultural preservation, open 
space and scenic resource preservation, and natural resource protection (Sonoma County 
Agricultural Preservation and Open Space District 2018). Currently, 108,935 acres in Sonoma 
County have been protected through 234 conservation easements (Sonoma County Agricultural 
Preservation and Open Space District 2018). Therefore, it is important that riparian regulations 
are also coupled with assistance programs to maximize protection efforts.  
 
3.3 Riparian Corridors   
When riparian ecosystems are impacted by human disturbances, riparian corridors are 
often developed to combat further deterioration of the remaining riparian area (Baker et al. 
2006). These riparian corridors are typically designed to achieve multiple functions and have 
legal protection against land use activities that may otherwise disturb riparian ecosystems and 
adjacent water bodies (Bentrup 2008, Naiman and Decamps 1997). For example, riparian 
corridors may be used as a BMP to act as off-site sinks for contaminants from NPS pollution and 
maintain stream temperatures. Maintaining stream temperatures is of growing importance due to 
current climate change (Feld et al. 2018, Lowrance et al. 1997, Schultz et al. 2004). However, 
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the ability of riparian corridors to meet specific functions is dependent on the design of the 
riparian corridor (Fischer et al. 2000). The design of riparian corridors should consider:  
(i) Width and slope; 
(ii) Soil type and local climate; 
(iii) Water quality and pollutants present at the site; and  
(iv)  Placement of the buffer and adjacent land use. 
 (Zhang et al. 2009)  
These considerations are important as they influence the efficacy of functions and ecosystems 
services that riparian corridors provide (Bentrup 2008).  
While there are many considerations in riparian corridor design, the scientific literature 
focuses on width recommendations for specific functions (Fischer et al. 2000). Typically, 
riparian corridor width is measured starting at the top of the bank or level of bankfull discharge 
and ends at a designated distance upland (Fischer et al. 2000). Extensive studies have 
demonstrated the efficacy of riparian corridors to achieve specific functions, yet there is a lack of 
consensus on the optimal width needed for corridors to be successful (Schultz et al. 2004). For 
example, some functions can be achieved through corridors as narrow as a few feet wide, while 
others require hundreds or thousands of feet to achieve significant functionality (Fischer et al. 
2000). The design of riparian corridors is unique to each site, which makes it difficult to develop 
a universally applicable design guideline (Johnson and Buffler 2008). Therefore, when it comes 
to riparian corridor width there is no one size fits all design (Fischer et al. 2000).  
Without well-established criteria for riparian corridor design, regulations determining 
widths of riparian corridors are commonly made at the local level (Hilty and Merenlender 2004, 
Jones et al. 2010). Ultimately, designing and implementing riparian corridors is a complex 
process that entails extensive research on the watershed. It is essential that local agencies and 
natural resource professionals consider their site needs and understand the relationships between 
the natural landscape and stressors impacting their watershed in order to implement successful 
riparian corridors.   
In addition to varying width recommendations, local management agencies must work 
with the public, especially private landowners, to seek support of riparian management. This can 
prove challenging as riparian corridor policies often require landowners to limit land use 
practices and manage part of their land in specific ways, which reduces the amount of area that 
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can be used for agriculture, timber harvest, urbanization, or development (Boisjolie et al. 2017). 
Sonoma County, for example, is an agriculturally dominant landscape and disputes about the 
implementation of riparian corridors are common between environmental and agricultural groups 
(Hart 2014). Therefore, for riparian corridors to be successful, local management agencies must 
use the best available science, while also balancing the needs of environmental protection and 
economic sustainability.  
 
3.4  Russian River Watershed: Ecosystem and History   
The Russian River watershed is located on the Northern California Coast, flowing within 
Mendocino and Sonoma Counties (California Department of Fish and Wildlife 2002, Christian‐
Smith and Merenlender 2010, Figure 4). The watershed encompasses 1,485 square miles of 
drainage area and is characterized as a Mediterranean climate with warm summers and mild 
winters (California Department of Fish and Wildlife 2002, Christian-Smith and Merenlender 
2010). The Russian River watershed is home to numerous native species and is especially 
important to local communities as it provides drinking water to over 500,000 people (California 
Department of Fish and Wildlife 2002). However, the last 150 years of human activity has 
heavily altered the Russian River Watershed through the introduction of agriculture and urban 
development (Steiner Environmental Consulting 1996). 
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Figure 4. Russian River Watershed (University of California Agriculture and Natural Resources 2018)  
 
Historically, the Russian River supported well-developed flood plains, riparian forests, 
seasonal marshes, woodland streams, oak grasslands, and coastal coniferous forests (Steiner 
Environmental Consulting 1996). However, conversion of natural landscapes and large-scale 
resource extraction led to a decline in high quality riparian areas within the Russian River 
watershed (Mendocino County Resource Conservation District 2012). Dating back to the 1700s, 
land use impacts have contributed to the 70-90% decline of riparian habitat within the Russian 
River watershed (Gordon and Meentemeyer 2006).  
The first humans to convert Sonoma County landscapes to meet their subsistence needs 
were the Pomo, Miwok, and Wappo tribes (Mendocino County Resource Conservation District 
2012, Sonoma County Agricultural Preservation and Open Space District 2018). Conversion of 
the landscape included burning, planting, and harvesting plants (Mendocino County Resource 
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Conservation District 2012). Then in the early 1800s, the Russians transformed land at Fort Ross 
to help support hay production and drying, establish a dairy, and set up an animal-powered mill  
(Molodin et al. 2018, Sonoma County Agricultural Preservation and Open Space District 2018). 
Similarly, the Spanish missionaries transformed the natural landscape to support ranchos and 
start some of Sonoma County’s first vineyards (Crowley 1977). After the Gold Rush, the local 
economy grew to support logging, ranching, farming, mining, and wine production (Sonoma 
County Agricultural Preservation and Open Space District 2018). Today, agriculture remains 
fundamental to the local economy and in 2018, the first time in Sonoma County history, 
accounted for over one billion dollars produced from agricultural commodities (Sonoma County 
Department of Agriculture 2018). Unfortunately, such growth resulted in the alteration and 
reduction of riparian ecosystems, hydrological processes, and native vegetation (Mendocino 
County Resource Conservation District 2012). Due to this reduction in riparian ecosystems, 
protective zoning ordinances were enacted, such as the Riparian Corridor Combining Zone.   
  
3.5  Objectives   
The purpose of this study is to evaluate the effectiveness of the Riparian Corridor 
Combining Zone ordinance to protect and enhance the functionality of riparian ecosystems. 
Specifically, this study addresses the following research questions:  
(i) Which land use type poses the greatest threat to riparian ecosystems in Sonoma 
County?  
(ii) How does the Sonoma County Riparian Corridor Combining Zone ordinance 
compare to scientific literature recommendations for riparian corridors? 
 
To answer the first research question, I summarized the impacts of land use types on 
riparian ecosystems within Sonoma County. Comparing the impacts of different land use types, I 
evaluated which land use poses the greatest threat to riparian ecosystems. Additionally, I 
analyzed the Riparian Corridor Combining Zone ordinance and compared it to recommendations 
in scientific literature for riparian management. Specifically, I reviewed scientific literature 
recommendations for optimal riparian corridor width to influence the following riparian 
functions: 
(i) Enhance water quality 
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(ii) Sediment reduction 
(iii) Stream temperature control 
(iv) Enhance wildlife diversity and habitat 
 
Through my literature review, I assessed if Sonoma County zoning ordinances are 
successfully achieving a balance between natural resource protection and land development 
based on the best available science. Therefore, this study may assist land managers and local 
agencies in making more informed decisions on riparian corridor width and management. 
 
 
4. Methodology 
 
This study is a literature review of peer-reviewed scientific literature and government 
agency reports. Additionally, I interviewed local agencies regarding riparian management in 
Sonoma County was used for this study. Peer reviewed literature was accessed through databases 
such as Fusion, Scopus, Google Scholar, Environment Complete and ScienceDirect. Key words 
used to search for peer reviewed literature and government reports included: riparian ecosystem, 
riparian buffer, land use impact, and riparian management. Studies included in this review 
include only those of land use impacts on riparian areas and management strategies to combat 
such impacts, specifically implementation of riparian corridors.  
I evaluated Sonoma County land use with data provided by the Farmland Mapping and 
Monitoring Program of California. The Farmland Mapping and Monitoring Program of 
California provides public data on land use for each county within California every two years. 
Sonoma County land use data was downloaded from the internet (conservation.ca.gov) into an 
excel spreadsheet. For my study, I used the latest available land use data for Sonoma County, 
which were collected in 2016 (California Department of Conservation Farmland Mapping and 
Monitoring Program 2016).  
Different land use types and their impact on riparian function were compared to identify 
which land use has potential to create the biggest influence on riparian ecosystems. In addition, 
Sonoma County riparian management policies were compared to federal and peer-reviewed 
literature recommendations for optimal riparian corridor width. This policy comparison was used 
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to provide riparian corridor regulations and management recommendations for Sonoma County 
management agencies.  
 
5. Land Use Impact Results  
 
5.1 Sonoma County Land Use  
Land use in Sonoma County consists of agriculture, urban development, and rural open 
space (Merenlender, Adina M. et al. 2005, Sonoma County Agricultural Preservation and Open 
Space District 2018, Table 1, Figure 5). Agricultural land (56%), other land (34%), and urban 
land (7%) are currently the most prevalent land use types in Sonoma County (California 
Department of Conservation Farmland Mapping and Monitoring Program 2016). Prime 
farmland, farmland of state importance, farmland of local importance, unique farmland, and 
grazing land are subcategories which make up agricultural land (California Department of 
Conservation 2004). Other land includes low density rural development and publicly owned land 
that are not available for agricultural use and brush, timber, wetlands and other lands not suitable 
for livestock grazing (California Department of Conservation 2004). These other land use types 
are considered rural or open space public land, which has less human disturbance compared to 
agriculture and urban development. The urban land consists of residential, industrial, and 
commercial land that contain man-made structures or buildings (California Department of 
Conservation 2004). Therefore, for this study I will be investigating and comparing the impacts 
of agricultural and urban land on riparian corridor function. 
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Table 1: Land use by category in Sonoma County for 2016 (California Department of Conservation 
Farmland Mapping and Monitoring Program 2016) 
Land Use Category  Total Land Inventoried (acres) 
Prime Farmland 29,858 
Farmland of State Importance  17,482 
Unique Farmland 34,043 
Farmland of Local Importance  79,915 
IMPORTANT FARMLAND SUBTOTAL 161,298 
Grazing Land 415,429 
AGRICULTURAL LAND SUBTOTAL 576,727 
Urban and Built-Up Land 75,805 
Other Land 357,053 
Water Area 15,507 
TOTAL AREA INVENTORIED  1,026,092 
 
 
 
 
Figure 5: Sonoma County 2012 land use by category (Sonoma County Agricultural Preservation and 
Open Space District 2017) 
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5.2  Agriculture Land Impact  
Out of the one million acres within Sonoma County, agriculture totals 576,727 acres, 
dominating more than half of the landscape (California Department of Conservation Farmland 
Mapping and Monitoring Program 2016, Merenlender, Adina 2000). Within the total land 
inventoried for agricultural use, grazing land was the largest subcategory accounting for 415,429 
acres (California Department of Conservation Farmland Mapping and Monitoring Program 
2016). Following grazing land, farmland of local importance, unique farmland, prime farmland, 
and farmland of state importance make up the remaining acres totaled for agricultural use 
(California Department of Conservation Farmland Mapping and Monitoring Program 2016). 
Farmland of local importance, unique farmland, prime farmland, and farmland of state 
importance are characterized by soil surveys from the Natural Resources Conservation Service 
and current land use information to determine the appropriate map category (California 
Department of Conservation 2004). In Sonoma County, crops such as grapes and corn are 
considered farmland of local importance, making up the second largest subcategory of 
agriculture in the county (California Department of Conservation 2004). Due to the large 
presence of agricultural land, Sonoma County management agencies should understand how 
agricultural cultivation impacts riparian ecosystems.   
Agricultural land impairs water quality by introducing pollutants, nutrients, pesticides, 
pathogenic microbes, and sediment into adjacent water bodies (Dosskey et al. 2010, Giller 2005). 
This pollution is often transported off-site through surface runoff generated by irrigation or 
natural precipitation events (Zhang et al. 2009). Nutrients such as ammonium, nitrate and 
phosphate, and pesticides such as chlorpyrifos, dichloro-diphenyl-trichloroethane (DDT), and 
diazinon have been detected from agricultural runoff and threaten aquatic communities and 
humans who rely on clean drinking water (Cooper et al. 2013). In rare cases, agricultural 
products may enter streams unintentionally. For example, in January 2020, a winery spilled 
approximately 46,000 to 96,000 gallons of red wine into the largest tributary in Sonoma County, 
eventually making its way into the Russian River (Braig and Lee 2020, Figure 6). This event was 
likely the largest wine spill in Sonoma County history, potentially endangering local fish 
communities (Braig and Lee 2020).  
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Figure 6: Winery spill makes its way to the Russian River (Braig and Lee 2020)  
 
 
 
  
 
 
 
 
 
 
 
 
Cropland is responsible for 38% of the approximately 1.5 billion tons of sediment that 
enters the nation’s waterways each year, blocking the penetration of solar rays and stunting the 
growth and reproduction of aquatic communities (Welsch 1991). Excessive sediment load and 
contaminants into watersheds is a result of stream bank erosion (Griggs 2009). Stream bank 
erosion is more prevalent in agricultural sites due to irrigation systems and overgrazing (Zaimes 
and Schultz 2012). Livestock grazing, for example, leads to compacted soils, which slows the 
percolation of water and reduces aboveground vegetation communities within riparian 
ecosystems (Griggs 2009). The compacted soils and reduced riparian vegetation results in more 
erosion and increases the input of fine sediment into adjacent water bodies (Griggs 2009). 
Additionally, stream channelization and straightening have been historically used to provide flat, 
farmable land near the edges of rivers and streams (Goodwin et al. 1997, Figure 7). Stream bank 
erosion and channel modification affect riparian ecosystems by reducing floodplain inundation 
and natural channel migration, eliminating gravel bars used for plant recruitment and fish 
spawning, and lowering groundwater tables (California Department of Fish and Wildlife 2002, 
Goodwin et al. 1997). Over time, excess sediment from agricultural practices threaten aquatic 
communities (Zaimes and Schultz 2012). 
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Figure 7: Erosion on the Russian River threatens adjacent vineyards and roads (Kovner 2019)  
 
 Agricultural cultivation and overgrazing impacts riparian vegetation by physically 
removing or altering the composition of vegetation species (Griggs 2009). In grazing land, cattle 
and sheep often congregate in riparian areas, particularly during hot or dry periods (Patten 1998).  
Often cattle and sheep consume and compact riparian vegetation, which significantly reduces 
vegetation biomass in riparian ecosystems (Griggs 2009, White and Greer 2006). Even when 
grazing animals aren’t present, native riparian vegetation is often replaced by human-made and 
exotic species such as orchards and plantations (Cooper et al. 2013). Conversion of riparian 
vegetation into agricultural land transforms the structurally complex, biodiverse riparian 
vegetation community into a uniform vegetation pattern composed of one crop species (Griggs 
2009).  
  Complete removal of riparian vegetation disturbs soils, increases rapid runoff and flash 
floods, decreases groundwater recharge, and decreases vegetation structure needed for wildlife 
habitat and migration (Cooper et al. 2013, Griggs 2009). The removal of riparian vegetation 
decreases shade provided to adjacent water bodies and reduces the uptake of nutrients and 
sediment, impacting water quality and threatening aquatic communities (Hickey and Doran 
2004, Sweeney et al. 2004). Additionally, stream diversion for agricultural cultivation reduces 
surface flows, which can eliminate or weaken riparian vegetation (Patten 1998). The reduction or 
clearing of riparian vegetation for agriculture causes a direct loss in wildlife habitat, impacting 
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the survival of communities that depend on riparian systems (Patten 1998). Therefore, the 
removal and alteration of riparian vegetation due to agricultural cultivation and overgrazing 
impacts the riparian vegetation community and the functions that support riparian ecosystems.  
 Poor water quality and alteration of riparian vegetation due to agricultural cultivation 
threaten the wildlife that rely on riparian ecosystem services to survive (Griggs 2009, Patten 
1998, Sweeney and Newbold 2014). The removal of riparian vegetation has reduced essential 
habitat for riparian wildlife and migration routes for regional movement of all wildlife species 
(Griggs 2009). The loss of riparian habitat impacts aquatic species as well. For example, the 
removal of streamside vegetation, especially trees, has been shown to reduce the density, 
abundance, and structure of fish communities (Sweeney and Newbold 2014). In California, the 
effects of agriculture on salmonids were regarded as high if: 
(i) Agricultural return water or farm effluent heavily polluted streams, 
(ii) Agricultural diversions severely reduced streamflow, 
(iii) Large amounts of silt from farmland entered streams, 
(iv) Pesticides were found or suspected to have significant impacts, or 
(v) Other factors directly affected fish-bearing streams. 
(Katz et al. 2013) 
Agricultural cultivation impacts water quality, hydrology, and vegetation, which in turn threatens 
wildlife species. 
 Several studies have suggested that agricultural impacts on riparian ecosystems may be 
reduced if riparian corridors are developed. Specifically, riparian corridors, grass filters, and 
pastures that fence cattle out of nearby streams have been shown to promote well-established 
perennial vegetation, which helps reduce erosion and inputs of sedimentation into streams and 
rivers (Zaimes and Schultz 2012). In agricultural sites, these riparian corridors can be established 
along drainage ditches, bordering concentrated runoff pathways or along steep terrain to 
intercepted waters (Polyakov et al. 2005). Riparian corridors can help trap, uptake, and reduce 
sediment, pesticides, herbicides, and excess nutrients from contaminating streams and rivers 
(California Department of Fish and Wildlife 2002). It is because of the positive impact riparian 
corridors provide on agricultural land that many federal, state, and local agencies support or 
require the implementation of riparian corridors (California Department of Fish and Wildlife 
2002). 
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5.3  Urban Development Impact  
Urban development is a pervasive and rapidly growing form of land use that can severely 
degrade riparian ecosystems (Paul and Meyer 2001, Wang et al. 2001). While the overall land 
area of urban development remains small globally (2-3% of the earth), its ecological footprint 
can be large (Paul and Meyer 2001, Schneider et al. 2010). In fact, over 80,000 miles of streams 
and rivers within the United States have been impaired physically, chemically, and ecologically 
by urban development (Paul and Meyer 2001). This is concerning as urban development is the 
second dominant land use category in Sonoma County, accounting for 75,805 acres (California 
Department of Conservation Farmland Mapping and Monitoring Program 2016). To keep urban 
development growth in check, urban growth boundaries were established in Sonoma County 
(Sonoma County Agricultural Preservation and Open Space District 2018). These urban growth 
boundaries were adopted, and voter approved to cap urban expansion and contain urban 
development within existing cities in order to preserve the rural landscape of Sonoma County 
(Sonoma County Agricultural Preservation and Open Space District 2018). Despite the growth 
restrictions, urban development still influences riparian ecosystems and the streams and rivers 
that run through the county.  
Streams that were once wide in their natural state, are now narrower and channelized 
throughout the urban areas of Sonoma County (California Department of Fish and Wildlife 
2002). Similar to agricultural land use, urban development impacts channel morphology through 
channelization and increased areas of impervious surfaces (Walsh et al. 2005). Impervious 
surfaces are defined as any hard surface material such as concrete, asphalt, roof tops, or roads 
that limits infiltration, reduces ground water recharge, and increases runoff rates (Bentrup 2008, 
Finkenbine et al. 2000, White and Greer 2006). Additionally, impervious surfaces generate 
higher peak flows, causing flashier hydrographs and increased stream bank erosion (Finkenbine 
et al. 2000, Walsh et al. 2005). Stream channelization, increased runoff from impervious 
surfaces, and reduced groundwater recharge due to urban development also impact the 
vegetation of riparian ecosystems (Groffman et al. 2003).  
 Alteration of the natural, physical processes of streams through urbanization has resulted 
in a reduction or complete removal of riparian vegetation and increased the presence of invasive 
plant species (California Department of Fish and Wildlife 2002, Griggs 2009). Compared to 
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open or agricultural streams, urban streams were recorded to have a lower average aerial canopy 
cover, increasing light levels and stream temperatures (Cooper et al. 2013). For example, in 
natural streams, vegetation shading was reported at a mean of 87% cover with low stream 
temperatures (Cooper et al. 2013). Yet in urban, concrete-lined streams, shading was reported at 
9% on average, impacting aquatic communities (Cooper et al. 2013). Additionally, the structure 
and composition of riparian vegetation along urban streams is different than that of streams in 
agricultural landscapes or wildlands. Vegetation communities in urban streams are adapted to 
increased flood magnitudes during the growing season and increased runoff from impervious 
surfaces (Aronson et al. 2017, Finkenbine et al. 2000).  
Urban riparian ecosystems typically encompass both native and invasive plant species 
adapted to such conditions, however invasive species typically dominate riparian ecosystems in 
urban landscapes (Aronson et al. 2017). Invasive plant vegetation species are introduced to urban 
streams through seed dispersal from nearby parks, lawns, gardens, golf courses, or storm water 
runoff (Aronson et al. 2017). Once introduced, invasive vegetation species rapidly colonize and 
dominate riparian ecosystems, out-competing critical native species and changing the once-
complex riparian habitat into a simplified single species environment not suitable for native 
wildlife (California Department of Fish and Wildlife 2002, Griggs 2009).  
 Water quality in urban streams is impacted due to the physical alteration of riparian 
vegetation and chemical alteration of surface water bodies (Griggs 2009, McGrane 2016, Walsh 
et al. 2005, White and Greer 2006). The loss of riparian vegetation and the increase in 
impervious surfaces from urban development have led to increased stream power and flashier 
stormwater runoff, resulting in bank instability and increased sediment in urban streams 
(McGrane 2016, Welsch 1991). In addition to increased sediment loads, urbanization increases 
runoff containing pollutants, turning functional urban streams into efficient gutters (Bernhardt 
and Palmer 2007, Welsch 1991). Generally, there is an increase in heavy metals, excess 
nutrients, hydrocarbons, herbicides, pharmaceuticals, microbial contaminants, litter, and rubber 
residue from roads in urban streams (McGrane 2016, Paul and Meyer 2001). Urban streams may 
also contain wastewater treatment plant effluent, sewer overflow, and leaking or failing sewer 
and septic systems, which contributes to the degradation of local water quality (Paul and Meyer 
2001). This is particularly significant for Sonoma County as approximately 117,000 residents 
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Figure 8: Luxury hotel development discharges six million gallons of highly turbid water into tributaries of the Russian River 
(North Coast Regional Water Quality Control Board 2020)  
live on septic systems (Benfell 2005). Therefore, water quality in urban areas is often influenced 
by the type of adjacent urban developments and the filtering capacity of riparian areas.   
Urban development can contribute to poor water quality in riparian areas is through 
construction activities within the watershed (Finkenbine et al. 2000). During construction, 
hillslope erosion increases sediment supply leading to excessive sediment deposited into stream 
channels (Paul and Meyer 2001). For example, the construction of a luxury hotel and residential 
project in Sonoma County was found discharging an estimated six million gallons of highly 
turbid water into creeks and tributaries to the Russian River (North Coast Regional Water 
Quality Control Board 2020, Figure 8). The excessive discharge of highly turbid water not only 
violated the Clean Water Act and the developer’s storm water permit, but also altered flows that 
could lead to flooding and reduced water clarity, threatening to smother aquatic wildlife (North 
Coast Regional Water Quality Control Board 2020). Consequently, the developer’s inability to 
comply with permits and mitigate water quality impacts resulted in a proposed fine of $4.9 
million (North Coast Regional Water Quality Control Board 2020). With the implementation of 
proper sediment controls, and maintaining adequate setbacks for riparian corridors, development 
projects can reduce the risk of impairing local streams from high amounts of sediment, which if 
left uncontrolled may jeopardize the health of aquatic wildlife (Roy et al. 2006). 
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Aquatic wildlife in urban streams are threatened by invasive species and channel 
modification (Cooper et al. 2013, McGrane 2016, Paul and Meyer 2001). Increased pollutant 
inputs and the effects of increased temperature in urban streams add physiological stress to 
sensitive aquatic species, leading to the selection for tolerant invasive species (Cooper et al. 
2013). This is particularly true in California, as many studies report a positive relationship 
between the abundance of invasive fish species and urbanization (Cooper et al. 2013, Riley et al. 
2005). Urban streams alter the presence of native amphibians and macroinvertebrate 
communities, exhibiting less diversity and consisting more of disturbance-tolerant species (Riley 
et al. 2005). Channel modification due to urban development, such as channelization and 
disturbance to streambeds, negatively affects aquatic communities through increased erosion and 
sedimentation in streams (Riley et al. 2005). In the Russian River watershed, channelization from 
urban development negatively impacts habitat complexity, leading to migration barriers for fish 
populations (California Department of Fish and Wildlife 2002). Man-made barriers such as 
dams, road crossings, culverts, grade control structures, bridge abutments, and debris jams from 
dumping of anthropogenic materials can impede fish migration and put populations at an 
increased risk of predation or poaching by humans as fish concentrate in pools below barriers 
(California Department of Fish and Wildlife 2002). Among the various restorative actions 
developers and local agencies can use to combat impacts on aquatic wildlife from urban 
development is implementation and expansion of existing riparian corridors (California 
Department of Fish and Wildlife 2002).  
Similar to agricultural sites, urban development can mitigate against harmful impacts on 
riparian ecosystems by developing highly functioning riparian corridors between development 
and streams (California Department of Fish and Wildlife 2002). However, the degree of 
urbanization and severity of riparian degradation may impact how effective riparian corridors are 
at providing benefits to a drastically altered stream (Roy et al. 2006). Balancing economic 
objectives and natural resource protection is difficult and often complicated by land ownership, 
development patterns, and politics (Wang et al. 2001). Ideally, riparian corridor regulations 
should strive to adequately protect intact riparian ecosystems, as it is often easier and more cost 
efficient to implement protection measures than restoration projects (Kattelmann and Embury 
1996). Therefore, riparian corridor regulations should be based on the best available science to 
achieve significant results in riparian functionality. 
 25 
5.4 Land Use Impact Summary  
 The development of riparian habitats into agricultural and urban sites is often at the 
expense of riparian ecosystem services (Dempsey et al. 2017). The pressure to meet demand and 
develop or cultivate land as far as possible into riparian ecosystems is seen in both agricultural 
and urban development (Gordon and Meentemeyer 2006). By encroaching on riparian 
ecosystems, agricultural and urban development alter riparian habitat, increasing channelization 
of streams, altering native vegetation, impairing water quality, and threatening aquatic wildlife. It 
is evident that both land use types pose a threat to riparian ecosystems, yet there is not enough 
evidence to identify which land use type is the more detrimental than the other. In terms of 
stream impairment, some argue that agriculture, rather than urban development, is the leading 
cause of poor water quality in streams throughout the United States (Paul and Meyer 2001). 
However, the total area of urban land is minor in comparison to agricultural land, which drives 
agriculture being cited as the main cause of stream impairment despite similar devastating effects 
from urban land (Paul and Meyer 2001). Additionally, relatively low levels of urban 
development, as little as 8% to 10%, have been shown to significantly affect riparian areas (Riley 
et al. 2005). Therefore, it’s important that local management agencies understand how different 
types of land use impact riparian ecosystems so they can evaluate the needs of their watershed 
and implement riparian regulations that cater to such needs.  
 
6. Riparian Corridor Management Comparison  
 
To evaluate the effectiveness of Sonoma County riparian corridor management, I 
compared the setback distances regulated in the Riparian Corridor Combining Zone ordinance to 
widths recommended by scientific literature for optimal riparian function. Generally, effective 
riparian functions correlate with riparian corridor width (Schultz et al. 2004). To optimize 
riparian functions, riparian management policies should consider the width needed to 
successfully achieve multiple functions.  
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6.1  Sonoma County Riparian Corridor Management    
The first comprehensive riparian regulation designed to protect riparian ecosystems in the 
unincorporated areas of Sonoma County was the 1989 General Plan. Prior to the 1989 General 
Plan, there were several Area Plans that established riparian protection through stream setbacks 
and building and grading ordinances (Sonoma County Permit and Resource Management 
Department 2014). However, the setbacks for streams and building and grading ordinances were 
measured differently, causing confusion and inconsistency of riparian regulations (Sonoma 
County Permit and Resource Management Department 2014). To create consistency, the county 
adopted the 1989 General Plan, which designated 61 streams as “Riparian Corridors” and 
established limited use within these “Streamside Conservation Areas” (Sonoma County Permit 
and Resource Management Department 2014). The designated streams would be subject to 
riparian corridor ordinances, which included protection of the stream bed, bank, and adjacent 
streamside conservation areas defined as the area measured on each side of the stream from the 
top of the higher bank to a designated distance upland (Sonoma County Permit and Resource 
Management Department 2014). The adoption of the 1989 General Plan provided consistent 
protection of local riparian corridors and adjacent habitat, which differed from the previously 
adopted Area Plans (Sonoma County Permit and Resource Management Department 2014).  
 In 2008, the Sonoma County Board of Supervisors adopted the General Plan 2020, 
which significantly increased the miles of designated streams from 473 to 3,200 miles and 
prohibited the removal of vegetation within the Streamside Conservation Areas (Sonoma County 
Permit and Resource Management Department 2014). Finally, in 2014 the Board of Supervisors 
adopted the Riparian Corridor Combining Zone code, with an objective to protect and enhance 
riparian corridors along designated streams, while also balancing the need for economic 
development (Sonoma County Code 2014). The Riparian Corridor Combining Zone was enacted 
to create further consistency between Sonoma County Zoning Ordinance and its General Plan 
and related Area Plans (Sonoma County Permit and Resource Management Department 2014). 
This legislation defines riparian corridors as “the area occupied by a river or stream and related 
plant and animal communities” (Sonoma County Code 2014). The Riparian Corridor Combining 
Zone is important in local riparian management because it defined specific setback distances 
based on stream and land use type (Sonoma County Code 2014, Figure 9). 
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Figure 9: Riparian Corridor Combining Zone setback lengths along the Russian River Area (Sonoma 
County Permit and Resource Management Department 2013)  
 
There are exceptions to the Riparian Corridor Combining Zone ordinance for certain land 
use types, especially agricultural cultivation. In the initial drafts of the ordinance, agricultural 
setbacks were similar to new development setbacks (Schiltgen 2020). But agricultural groups 
believed the designated setbacks for agriculture were excessive, especially since agricultural is a 
huge part of Sonoma County economy (Schiltgen 2020). Responding to the concerns of the 
agricultural community, the Board of Supervisors settled on an ordinance that would gain the 
support of agricultural groups. The approved regulation allowed more leniency in riparian 
setbacks for new agricultural sites by reducing the setback requirements to half of any other 
development. For example, new development along rural areas of the Russian River are required 
to have 200-foot setback from the top of bank, but new agricultural cultivation in the same area 
is required to have a 100-foot setback from the top of bank (Sonoma County 2014, Table 2). The 
exception for new agricultural developments is confounding, as numerous studies have identified 
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the potential for agricultural sites to increase the severity of stream water pollution (Cooper et al. 
2013, Dosskey et al. 2010, Giller 2005).  
 
Table 2: Riparian corridor setback lengths determined by Riparian Corridor Category and Land Use Type  
Riparian Corridor Category  Riparian Corridor Zoning Setbacks Development Agriculture  
Russian River 200 ft 100 ft 
Designated Flatland  100 ft 50 ft 
Other Flatland  50 ft 25 ft 
Upland 50 ft 25 ft 
Urban Areas 50 ft 25 ft 
 
The inconsistency in setback requirements by land use type compromises land 
management protection, which can influence the effectiveness of riparian policies (Boisjolie et 
al. 2017). Environmental management policies are often required to balance economic needs 
with natural resource protection, which can make these policies highly controversial (Klapproth 
and Johnson 2001, Young 2000). The Riparian Corridor Combining Zone ordinance was 
considered Sonoma County’s most controversial land use policy, igniting a debate between 
environmental agencies, farmers, and private property rights activists (Hart 2014). The debate, 
which led to compromises accepted by agriculture groups, resulted in a weaker riparian 
protection regulation than originally drafted (Hart 2014). Local environmental groups and federal 
biologists cited that the revised regulation did not provide sufficient protection for the Russian 
River and fish communities that rely on the river to spawn, such as the federally endangered 
Central California Coast Coho Salmon (Oncorhynchus kisutch) (Hart 2014). Yet the exceptions 
were needed to gain the support of resistant agriculture groups and farmers, in order to adopt the 
Riparian Corridor Combining Zone ordinance. Although the final draft of the Riparian Corridor 
Combing Zone was not as stringent to protect riparian function, the exceptions were essential in 
order to make any progress towards improved riparian protection. It is critical that local land 
management agencies work with their communities and make informed decisions on protection 
regulations to successfully manage riparian ecosystems.    
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6.2 Review of Recommendations for Riparian Corridor Width  
The functional width of riparian corridors is widely researched and heavily debated 
(Swales 2010). Scientific and government recommendations for riparian corridor width are 
broad, with most recommendations citing the importance of various factors needed to improve 
riparian function. General factors that influence riparian corridors to effectively carry out 
specific functions include riparian vegetation structure and plant species, local climate, 
topography, hydrology, stream type and order, and adjacent land use (Collins et al. 2006, Mayer 
et al. 2005, Schultz et al. 2004). While riparian corridor width may influence riparian functions, 
it is ultimately the combination of width and various other factors needed to improve the overall 
effectiveness of riparian functions. Although there is not a one size fits all guideline, scientific 
literature and various agencies provide recommendations for riparian corridor width based on 
desired riparian function, including: enhanced water quality, sediment control, stream 
temperature control, and enhancing wildlife and habitat for terrestrial and aquatic communities 
(Table 3). 
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Table 3: Synthesis of recommendations for riparian corridor widths needed to influence various riparian 
functions 
 
Function 
 
 
Recommended Width  
 
 
Overall Range  
 
 
Source 
 
 
 
 
 
Enhanced water 
quality  
 
 
32 - 98 ft 
>98 ft 
>164 ft  
213 ft  
98 - 328 ft  
328 ft  
32 - 377 ft 
 
 
 
 
 
32 - 377 ft 
 
 
(Fischer et al. 2000) 
(Sweeney and Newbold 2014)  
(Mayer et al. 2007) 
(Zhang et al. 2009) 
(Hickey and Doran 2004) 
(Swales 2010)  
(Collins et al. 2006)  
 
 
 
Sediment reduction 
 
 
16 -32 ft 
164 ft 
32 - 246 ft 
16 - 492 ft 
 
 
 
6 - 492 ft 
 
 
(Zhang et al. 2009)  
(Swales 2010)  
(Collins et al. 2006)  
(Feld et al. 2018)  
 
 
 
Stream temperature 
control 
 
 
164 ft 
65 - 131 ft 
65 - 98 ft 
65 ft  
 
 
 
65 - 164 ft 
 
 
(Swales 2010)  
(Collins et al. 2006)  
(Sweeney and Newbold 2014)  
(Feld et al. 2018)  
 
 
 
Enhance wildlife 
diversity and habitat 
(terrestrial) 
 
 
164 ft (mammals) 
492 ft 
131 - 656 ft 
98 - 3,280 ft (reptiles and 
amphibians) 
131 - 5,249 ft (bird 
species) 
 
 
 
 
98 - 5,249 ft 
 
 
(Fischer et al. 2000) 
(Swales 2010)  
(Collins et al. 2006)  
(Fischer et al. 2000)  
(Fischer et al. 2000)  
 
 
Enhance wildlife 
diversity and habitat 
(aquatic) 
 
 
>90 ft 
65 - 196 ft 
>229 ft 
 
 
 
65 - 229 ft 
 
(Sweeney and Newbold 2014)  
(Collins et al. 2006)  
(Swales 2010) 
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Enhanced Water Quality  
The optimal width of a riparian corridor to assist the protection and enhancement of water 
quality is based on type and structure of vegetation present, soil characteristics, subsurface 
biogeochemistry, watershed hydrology, groundwater flow paths, slope, and current land practices 
on adjacent lands (Mayer et al. 2007, Mayer et al. 2005, United States Environmental Protection 
Agency 2005). Based on the literature review, riparian corridor widths ranging from 32 to 377 
feet were recommended for filtering out excess nutrients and contaminants from entering 
adjacent streams or rivers (Table 3). Additionally, narrow riparian corridor widths, as low as 3 
feet wide, were 80% effective at reducing nutrients such as nitrogen (Mayer et al. 2005). But 
narrow riparian corridors may not be consistently reliable at removing significant amounts of 
nitrogen (Mayer et al. 2005, Sweeney and Newbold 2014). Studies conducted in Bear Creek and 
Mark Twain Watershed in Missouri found that corridors of native grass that were 22 feet wide 
reduced total nitrogen, phosphorous, nitrate, and phosphate by more than 60% from surface 
runoff (Schultz et al. 2004). However, adding approximately 30 feet in addition to the 22-foot 
setback increased the removal of nutrients to 80% (Schultz et al. 2004). Therefore, wider riparian 
corridor widths are generally recommended for effectively and consistently removing nutrients 
and contaminants from entering adjacent water bodies without introducing stream flow 
restrictions (Mayer et al. 2005).   
 
Sediment reduction 
In addition to reducing nutrients and contaminants from entering the stream, riparian 
corridors have shown efficacy in reducing sediment loads to streams and rivers (Hickey and 
Doran 2004). Sediment retention by riparian corridors also influences nutrient filtering as 
nutrients, such as phosphorous, are often bound to sediment particles, making this riparian 
function important for water quality control (Hickey and Doran 2004). The recommendations for 
optimal riparian corridor width to remove sediment from adjacent water bodies ranges between 
16 and 492 feet. Similar to water quality protection, generally wider widths are recommended for 
effective sediment reduction. For example, Schultz et al (2004) found that a 22-foot wide 
riparian corridor was 95% effective at removing sediment. When 30 feet was added to the 
existing riparian corridor, the efficacy changed from 95 to 97% removal of sediment (Schultz et 
al. 2004). Additionally, Zhang et al (2009) found that increasing riparian corridor width by 16 
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feet would increase overall sediment removal efficacy by 10 to 15%. While efficacy rates vary, it 
is clear that wider riparian corridor widths contribute to higher efficacy rates for sediment 
removal. In addition to corridor width, soil type, slope, and vegetation all play a role in the 
efficacy of reducing sediment loads from entering streams and rivers (Hickey and Doran 2004, 
Zhang et al. 2009).  
 
Stream Temperature Control 
Another function of riparian corridors is their ability to cool and maintain stream 
temperatures, which is essential for the survival of aquatic communities (Swales 2010). 
Maintaining stream temperatures is important to Sonoma County as the Russian River Watershed 
supports at least 46 fish species, 27 of those species are native and one species endemic to the 
watershed (California Department of Fish and Wildlife 2002). However, the ability for riparian 
corridors to effectively control stream temperatures is not widely studied in California and 
recommendations for optimal widths vary. In general, the recommended riparian corridor width 
for maintaining stream temperature ranges between 65 and 164 feet (Table 3). The 
recommendations for optimal riparian corridor widths to maintain stream temperatures rely on 
vegetation type, height and density, stream width and length, local topography, slope, and 
adjacent land use practices (Broadmeadow and Nisbet 2004, Feld et al. 2018, Sweeney and 
Newbold 2014). Similar to nutrient and sediment reduction, riparian corridor widths were more 
effective at maintaining stream temperature at wider lengths rather than at narrow lengths (Feld 
et al. 2018). Corridor widths at least 65 feet wide and within a fully forested watershed were 
shown to keep stream temperatures within 2ºC but a width of at least 98 feet would provide full 
protection from temperature increases (Feld et al. 2018). However, the width of a stream channel 
is an important factor for riparian corridors to effectively shade adjacent water bodies (Swales 
2010). Wider stream channels are less affected by adjacent riparian corridor shading than smaller 
streams, as riparian vegetation may fully shade smaller stream channels but only the edges of 
wider streams (Swales 2010).  
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Enhance Wildlife Diversity and Habitat 
To enhance wildlife habitat and species diversity, riparian corridor widths vary depending 
on stream type and the wildlife species of interest (Fischer et al. 2000). Unlike nutrient filtering, 
sediment reduction, and temperature control, the recommendations for optimal riparian corridor 
width to enhance wildlife habitat and species diversity were more highly variable. The minimum 
width recommended to benefit wildlife species was 65 feet, while the maximum width was 5,249 
feet. The variability largely comes from the wildlife species of interest. For example, a maximum 
corridor width of 5,249 feet was recommended for bird species that rely on large riparian 
corridors (San Francisco Bay Regional Water Quality Control Board 2004). But for fish species, 
the maximum corridor width recommended was 300 feet (Swales 2010). This highlights the 
variability in recommended corridor widths based on a particular species. Additionally, many 
species rely on riparian functions such as water quality enhancement, sediment reduction, and 
stream temperature control (California Department of Fish and Wildlife 2002, Fischer et al. 
2000, Hickey and Doran 2004). Therefore, management agencies should keep in mind the 
recommended riparian corridor widths needed to support riparian functions vital to species 
survival.  
 
Considerations 
While fixed corridor widths provide some guidance for riparian ecosystem management, 
fixed distances do not guarantee effective riparian corridor functionality (Baker et al. 2006). 
Each riparian function varied in optimal width and relied heavily on the influence of other 
factors to support functionality. For example, riparian corridor width has shown efficacy in 
removing nutrients and pollutants, yet the overall efficacy is dependent on the vegetation 
(Hickey and Doran 2004). Some argue that riparian corridors composed of trees have a higher 
removal efficacy of nitrogen and phosphorous than other vegetation types (Zhang et al. 2009). In 
contrast, riparian corridors composed of trees and shrubs have been found to be less effective at 
reducing fine sediment from entering streams and rivers (Feld et al. 2018). Therefore, fixed 
corridor widths alone do not guarantee the efficacy of riparian ecosystem functions.  
 Recommendations for riparian corridor widths also varied by stream type. For example, 
riparian corridors placed along the headwaters of watersheds would be more effective at 
improving stream water quality than riparian corridors in larger streams (Schultz et al. 2004). 
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Fish-bearing streams should be offered greater protection than non-fish-bearing streams 
(Boisjolie et al. 2017). Corridor width recommendations for streams in California were different 
based on fish-bearing status and if they were perennial or intermittent. (Swales 2010). Streams 
that were identified as fish-bearing were recommended to have the greatest protection (300 feet), 
while less protection was afforded to perennial and non-fish-bearing (150 feet) or intermittent 
streams (100 feet) (Swales 2010).  
Despite the variability in riparian corridor width recommendations, the available 
literature generally indicated that the total number of functions a riparian corridor can sustain 
increased with overall width and length (San Francisco Bay Regional Water Quality Control 
Board 2004). The recommendations provided by the literature are broad and suggest that initial 
watershed analyses should be conducted before determining the optimal width for riparian 
corridors. This leaves local management agencies to decide the most appropriate use of riparian 
corridors based on desired ecological functions, landscape context, and external pressure such as 
the demand for land (Bentrup 2008).  
 
7. Conclusion 
 
In Sonoma County, agriculture (56%) and urban development (7%) are the major land 
use types (California Department of Conservation Farmland Mapping and Monitoring Program 
2016). Additionally, agriculture is a major component of Sonoma County’s economy (Sonoma 
County Department of Agriculture 2018). Due to its significance on the local economy, 
agricultural setbacks designated in the Riparian Corridor Combining Zone were reduced to gain 
the support of agricultural groups, who originally opposed the adoption of the ordinance 
(Schiltgen 2020). This led to differences in required setback distances for land use categories that 
are not necessarily based on the best available science. These regulations were less restrictive for 
agricultural cultivation over any other type of new development. Therefore, the Riparian 
Corridor Combining Zone is inconsistent in providing riparian ecosystem protection. 
When comparing the Riparian Corridor Combining Zone to scientific literature 
recommendations, setbacks distances regulated by the ordinance fell within the range of optimal 
riparian corridor width recommended by various studies. For example, the minimum setback 
distance regulated for any new development within unincorporated areas of Sonoma County is 
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50 feet. While 50 feet is in the lower range, it meets optimal width recommendations to 
effectively enhance water quality and reduce sedimentation in streams. Yet 50 feet does not meet 
the minimum optimal width recommendations to effectively control stream temperatures or 
enhance aquatic and terrestrial wildlife diversity and habitat. Similarly, the minimum setback 
distance for new agricultural cultivation is 25 feet and only meets the optimal width 
recommendations for reducing sedimentation, providing even less protection to riparian 
ecosystems. Therefore, the inconsistency of riparian management policies due to economic 
reasons is at the expense of healthy, well-functioning riparian ecosystems. 
Inconsistency in riparian management regulations due to economic reasons is a major 
challenge for implementing riparian corridors (Lovell and Sullivan 2006). Implementation of 
riparian management regulations need to incorporate the best available science, while also 
maintaining economic feasibility (Blinn, C. R. and Kilgore 2001). In Sonoma County, 
management agencies must gain the support of local landowners, as 98% of the watershed is 
privately owned (Christian‐Smith and Merenlender 2010). This requires finding landowners who 
are willing to lose control, flexibility, and profit from reduced land use activities, while also 
establishing trust and cooperation with local government agencies (Christian‐Smith and 
Merenlender 2010, Lovell and Sullivan 2006). The concern that riparian corridors may cause 
economic harm has resulted in regulation exceptions or provisions, which influence the efficacy 
of protection measures (Boisjolie et al. 2017, San Francisco Bay Regional Water Quality Control 
Board 2004). It is for this reason that land management regulations tend to be highly 
controversial, resulting in regulations that are not stringent enough to protect riparian 
ecosystems.   
Riparian management protections fall short due to the potential economic harm of 
requiring landowners to reduce available land for agriculture or urban development (Boisjolie et 
al. 2017). While economic harm to landowners is possible, what is often overlooked is the 
potential economic gain through services provided by healthy riparian ecosystems. For example, 
the current estimated value of riparian areas in Sonoma County is $61.3 to $85 million annually 
(Sonoma County Agricultural Preservation and Open Space District 2018). This value is 
estimated using the various services riparian ecosystems can provide Sonoma County such as 
improved water quality, moderation of extreme events such as flooding, sequestering carbon, 
improving habitat for wildlife, and providing outdoor recreation for local residents (Sonoma 
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County Agricultural Preservation and Open Space District 2018). If fully restored to their 
optimal potential, these riparian areas could be valued up to $116.3 million each year (Sonoma 
County Agricultural Preservation and Open Space District 2018). Informing the community 
about the services riparian ecosystems provide may incentivize some landowners to embrace 
regulations that protect riparian areas.    
 
8. Recommendations 
 
The synthesis of literature and evaluation of the Riparian Corridor Combining Zone 
ordinance have led to several recommendations for Sonoma County. First, an assessment of the 
quantity and quality of riparian habitat is necessary to identify critical areas that are in need of 
higher protection. Understanding the current condition of riparian habitat in Sonoma County will 
provide landscape-level considerations, which are often absent in site-specific guidelines 
(Richardson et al. 2012). Second, a new riparian corridor policy based on science is necessary to 
adequately protect and enhance riparian ecosystems. The setback distances outlined in the 
Riparian Corridor Combining Zone are approximate to allow for site-specific changes based on 
the location of the top of higher bank, existing riparian vegetation, and the slope and soil types of 
upland areas (Sonoma County Code 2014). However, a new riparian corridor policy should also 
consider riparian functions and the setback distances needed to optimize these functions.  
Additionally, I recommend Sonoma County create consistency in riparian setbacks for all new 
developments to ensure adequate protection of riparian ecosystems. Finally, increasing public 
education on the benefits of riparian ecosystems and encouraging riparian restoration through 
incentive programs and development projects will facilitate additional riparian ecosystem 
protection.  
  
 37 
8.1  Assessment of Riparian Areas 
 An assessment of the quantity and quality of riparian habitat is needed to identify critical 
riparian areas that may require prioritized management and protection. The literature used in this 
study are not directly applicable to the Mediterranean climate of Sonoma County. The lack of 
studies conducted on riparian function in Sonoma County limit the available science needed to 
formulate riparian management strategies. It’s critical to assess the current condition of riparian 
ecosystems in the county and identify the quality of those areas to determine which riparian areas 
are in need of higher protection. Two methods that can evaluate the condition of riparian habitat 
in Sonoma County are remote sensing and geographic information systems (GIS) analyses and 
the California Rapid Assessment Method technique (CRAM).  
 Integration of remote sensing and GIS techniques can provide a framework for 
determining the extent and quality of riparian habitat in Sonoma County (Collins et al. 2006, 
Narumalani et al. 1997). A GIS analysis incorporates multiple data sources to map existing 
riparian vegetation, potential riparian habitat, and land use intensity, which is classified as areas 
highly altered by urbanization and agriculture (Collins et al. 2006, Macfarlane et al. 2018). 
Additionally, a GIS analysis delineates riparian areas while accounting for regional differences, 
which define the uniqueness of a given area (Narumalani et al. 1997). Identifying regional 
differences provide context on landscape-level interactions, which is critical for successful 
riparian management practices (Richardson et al. 2012). The analysis would reveal the extent of 
riparian forests in upland tributaries and identify vulnerable areas in need of more protection. 
Therefore, remote sensing and GIS techniques are helpful tools that can determine the condition 
of riparian ecosystems in Sonoma County, which is helpful in identifying areas where riparian 
corridor protections are needed.  
 Similar to a GIS analysis, the CRAM technique is a cost-effective and scientifically 
defensible method for monitoring the conditions of riparian areas and wetlands (California 
Wetlands Monitoring Workgroup 2012). CRAM is a field-based technique that enables two or 
more trained practitioners working together to assess the health of an area using metrics and 
narrative descriptions of observable conditions (California Wetlands Monitoring Workgroup 
2012). CRAM also identifies stressors that might negatively affect the health of an area 
(California Wetlands Monitoring Workgroup 2012). Identifying critical areas and stressors that 
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negatively affect the health of riparian areas is a critical first step in understanding the status of 
riparian ecosystems in Sonoma County.  
 Determining the condition of riparian ecosystems and identifying stressors that impact 
riparian health, including intense land use activities, will help land managers in Sonoma County 
prioritize areas that are in need of increased protection. Applying a fixed-width riparian corridor 
ordinance without identifying critical areas leaves vulnerable riparian habitat at risk to further 
degradation. For example, it is common for riparian habitat along tributaries to be either absent 
or discontinuous (Narumalani et al. 1997). These critical areas can be determined through GIS 
and CRAM techniques, allowing local land managers to prioritize these sites. Therefore, it is 
imperative to understand the condition of riparian areas in Sonoma County to form riparian 
management strategies that will adequately protect and enhance these areas.  
In addition to the riparian condition assessment, I recommend long-term monitoring of 
riparian systems in order to evaluate the success of riparian protection measures (Richardson et 
al. 2012b). As time passes, it will be important for local agencies to monitor the status of riparian 
and stream ecosystems to determine if current regulations and management are sufficiently 
protecting the health of these ecosystems. Given the alterations to landscapes due to land 
development, long-term monitoring needs to be conducted across the county to address 
ecosystem changes in order to verify that regulation objectives are being met (Richardson et al. 
2012). Additionally, the county should monitor stream bank erosion, especially on the Russian 
River, to evaluate its effect on existing riparian corridors. Riparian regulations and management 
are meant to maintain natural conditions, where banks are stabilized by native riparian plants and 
there is little bank erosion (Griggs 2009, Richardson et al. 2012). If erosion rates are unnatural, 
local agencies should evaluate widening riparian corridors, where applicable, to prevent further 
loss of stream banks. Continued long-term monitoring will provide local agencies the insight 
needed to continue protecting riparian ecosystems and adopting regulations that meet the current 
needs of the watershed at any present time.  
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8.2  New policy based on science   
 Developing riparian management policies requires an understanding of the current 
condition of riparian habitat and the influences of land use activities (Wissmar and Beschta 
1998). Identification of natural riparian ecosystems and areas of potential riparian restoration 
allows land managers to prioritize critical areas. In addition to identifying critical areas, land 
managers should understand the influence land use activities have on riparian functions. 
Understanding that land use activities without proper riparian protection measures have a 
detrimental impact on riparian ecosystems will allow land managers to formulate riparian 
policies that shield these ecosystems from potential harm. Finally, land managers should use the 
best available science when designing riparian management policies, specifically setback 
distances. 
I recommend that Sonoma County create a new policy based on science that includes 
consistent setback distances for all land use development types. Currently, the Riparian Corridor 
Combining Zone ordinance designates a fixed-width setback distance for new developments 
based on land use and stream category. However, the ordinance is inconsistent in setback 
distances based on land use type, specifically for agricultural cultivation. The reduced setback 
distance for agricultural sites is not necessarily based on the best available science and limits the 
functionality of riparian functions. For the protection and enhancement of riparian ecosystems, I 
recommend that Sonoma County designate setback distances that are uniform for all land use 
types, as urban and agricultural developments pose a threat to riparian functions.  
Finally, I recommend that the new policy incorporate the best available science for 
optimal riparian corridor width. Ideally, the optimal riparian corridor width should be as wide as 
possible to allow natural riparian ecosystems to function properly. However, this may not be 
possible due to limited space for development projects. The next best option would be to look at 
scientific recommendations for riparian corridor width based on desired function (Figure 10). 
Land managers need to consider the optimal width of a riparian corridor to achieve specific 
functions, such as enhance water quality, reduce sediment, control steam temperatures, and 
enhance wildlife diversity and habitat. If multiple riparian functions are desired, land managers 
should ensure that designated setback distances meet the optimal width of all functions. 
Essentially, the wider the corridor width, the better for riparian functionality.   
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Figure 10: Recommended riparian corridor width based on desired function 
 
8.3 Increased public education and incentive programs  
One of the many reasons riparian regulations tend to fall short is because the benefits of 
riparian ecosystems are often overlooked or unknown. When agencies don’t provide scientific 
justification for riparian protection, they face the possibility of public opposition rooted in lack 
of information or misinformation (San Francisco Bay Regional Water Quality Control Board 
2004). Therefore, it is important to local agencies initiate stakeholder outreach and public 
education prior to releasing draft regulations for consideration (San Francisco Bay Regional 
Water Quality Control Board 2004). This allows the community to become more educated about 
the services and benefits of riparian protection, while also building a relationship between 
management agencies and community members (San Francisco Bay Regional Water Quality 
Control Board 2004). Additionally, many planners have a vague familiarity with stream issues 
and potential riparian impacts from all development projects (San Francisco Bay Regional Water 
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Quality Control Board 2004). Just as important as public outreach, county and city planners 
should be aware of the benefits of riparian corridors and land use impacts that impede riparian 
functions. Therefore, increased knowledge about the benefits of riparian ecosystems may likely 
influence the community’s opinion to adopt riparian protection regulations.  
To support the adoption of riparian regulations, local agencies should increase public 
education on riparian ecosystems to community members and planners who may be unfamiliar 
about the value of riparian corridors. Public outreach may help facilitate a dialogue with 
stakeholders and private landowners who may be otherwise resistant to riparian regulations (San 
Francisco Bay Regional Water Quality Control Board 2004). Additionally, providing landowners 
information about assistance programs that provide financial and technical support may 
incentivize landowners to engage in riparian management activities (Machtinger 2007). 
Increased education and workshops for planners may also benefit riparian regulations as planners 
are often directly involved with the town meetings and development projects (San Francisco Bay 
Regional Water Quality Control Board 2004). With increased education, planners can answer 
questions from the public about riparian regulations and justify the science behind riparian 
protection measures.  
Additionally, there are various landowner incentive programs that financially assist 
private landowners who wish to implement riparian management practices on their property 
(Machtinger 2007). Some of the various programs that landowners can utilize include the 
Conservation Reserve Program, Wetlands Reserve Program, Wildlife Habitat Incentive Program, 
Wetlands Reserve Program, Stewardship Incentive Program, and the California Wetlands 
Reserve Program (Griggs 2009, Machtinger 2007). These programs provide financial or 
technical assistance for landowners who are willing to manage the riparian areas on their 
property (Machtinger 2007). Ideally, these programs should be introduced to landowners during 
the drafting process of riparian regulations or through public education.  
Finally, local agencies should encourage riparian restoration among other riparian 
management practices in new developments. Riparian corridors should be part of a larger 
management plan (Klapproth and Johnson 2001). Practices such as agricultural BMPs, erosion 
and stormwater control, and reduction of harmful fertilizers and pesticides can help aid in 
riparian protection (Klapproth and Johnson 2001). Additionally, new developments should be 
encouraged to participate in riparian restoration, which is allowed within riparian corridors. The 
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Riparian Corridor Combining Zone allows stream maintenance, riparian restoration, and invasive 
vegetation removal given the developer works with the Sonoma County Water Agency and 
conducts activities in compliance with existing regulations and permits. The combination of all 
these riparian management practices could facilitate additional riparian ecosystem protection, 
ensuring these ecosystems function well and provide essential services to the surrounding 
community.  
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